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ABSTRACT
There have been calls for Science Technology Engineering and 
Mathematics (STEM) education to become more interdisciplinary, 
reflecting the reality of contemporary research. However, commu-
nicating across disciplines is challenging. In this article, I explore 
what and how students read in the STEM disciplines`. I provide an 
overview of key topics in literacy research, and discuss the disciplin-
ary nature of literacy. I compare disciplinary literacy requirements in 
STEM through thematic analysis of UK quality subject benchmark 
statements, which identifies considerable variation in the expecta-
tions of undergraduates to engage with primary research literature. 
I explore implications this has for interdisciplinary teaching, and 
present some published pedagogical strategies for engaging stu-
dents in research literature. I call on STEM educators to embed 
inclusive disciplinary literacy teaching within curricula to support 
students in their reading. I also highlight the need for clear under-
standing of disciplinary conventions and reading expectations 
when designing interdisciplinary educational programmes.
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Introduction
STEM research and careers are increasingly interdisciplinary, with individuals from 
different technical disciplines coming together to provide technological solutions to 
global problems (Davé et al., 2016). There has therefore been a move to reflect the 
interdisciplinary nature of STEM careers in undergraduate education (Madden et al., 
2013; Manathunga & Brew, 2012). The Wakeham report into STEM degree provision in 
the UK highlighted a need for graduates to ‘communicate with, and feel comfortable 
working across, teams comprised colleagues from a range of disciplinary backgrounds’ 
(Wakeham, 2016). Interdisciplinary education may involve bringing together relatively 
similar subject areas, or may involve collaborations between the STEM disciplines and 
the social sciences, creative arts or business and enterprise (Capraro & Jones, 2013; 
Daugherty & Carter, 2018; Madden et al., 2013). However, working across disciplines 
is potentially challenging for both students and staff. Staff and students are generally 
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more comfortable thinking within their disciplines than in a multidisciplinary or inter-
disciplinary way. Boud highlights that ‘there is no such thing as an interdisciplinary 
discipline’; students and staff approach interdisciplinary problems from their own subject 
area perspective (Boud, 2012). Golding and Baik note that ‘students tend to take the 
approach of one discipline or subject at a time and do not mix them.’ (Golding & Baik, 
2012). We therefore need to be clear about the approaches and conventions of individual 
academic disciplines, and understand how these differ from other disciplines if we are to 
develop effective interdisciplinary education.
Becher’s classic text ‘Academic Tribes and Territories’ argues that the distinct nature 
of disciplines underpin behaviours and practices of staff, resulting in differences in 
academic cultures along disciplinary lines (Becher, 1989). Although we may instinctively 
recognise distinct disciplines, there is no single definition of an academic discipline 
(Trowler, 2012). Krishnan (2009) defines a discipline with reference to 6 shared char-
acteristics, which include a body of accumulated specialist knowledge, theories and 
concepts through which specialist knowledge can be organised, and specific language 
and terminology. This definition implicitly places a heavy emphasis on the written 
literature of a discipline; in STEM our accumulated specialist knowledge is usually stored 
as either disciplinary textbooks or research papers. These texts describe the key ideas of 
the discipline, and use a characteristic set of technical terms and linguistic conventions. 
The body of written communication therefore represents one of the defining components 
of disciplinary thinking. This creates challenges for interdisciplinary working; commu-
nication within interdisciplinary teams has been highlighted as a significant challenge 
due to a lack of shared language and understanding of disciplinary conventions (Davé 
et al., 2016).
Higher education is partially characterised through students engaging with 
complex academic texts. It has been estimated that students spend between 7 
and 14 hours a week reading academic material, representing a significant com-
ponent of their studies (Huang, Capps, Blacklock, & Garza, 2014; St Clair- 
Thompson, Graham, & Marsham, 2017). However, reading academic texts is not 
easy. When designing curricula, we often overlook the inclusion of general skills 
training such as reading and critical thinking, focussing instead on factual content 
and technical skill development. We typically provide students with reading lists, 
but may fail to consider whether they have the skills to engage with the materials 
listed. This is particularly true within STEM disciplines; scientific text is charac-
terised by being written in the abstract sense, being very concept dense and using 
high levels of technical terminology (Fang, 2005). These conventions and ways of 
writing differ between the STEM disciplines. To become a ‘biology graduate’ 
means learning a distinct set of written conventions that would be distinct from 
those in chemistry, let alone in arts or social sciences. This has significant 
implications for interdisciplinary education; learning to read and understand the 
norms of one discipline is challenging enough, let alone understanding conven-
tions and communication styles of other disciplines.
Within this article, I argue that to develop the next generation of STEM 
graduates we need to pay more attention to how we teach technical reading skills. 
I explore the extent to which graduates from different STEM subjects can be 
expected to use the written literature of their discipline (with a particular focus 
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on original research literature), and what implications this has on interdisciplinary 
approaches to STEM education. I will highlight some key topics in literacy 
research, and also suggest some pedagogical strategies which may be of value to 
STEM educators introducing students to research literature. I will also consider 
the impact that disciplinary literacy has on interdisciplinary teaching, and whether 
students can meaningfully engage with complex text across disciplines. I also offer 
my own reflections on teaching using research literature, and suggest more effec-
tive approaches to engaging students with the requirements of academic reading.
What does literacy research tell us about the development of advanced 
reading skills?
Before discussing reading within the context of STEM education, I think it is valuable to 
consider what we know about the development of reading skills. There is a rich history of 
literacy research that scientific educators are mostly unaware of, but which has direct 
implications for the development of advanced reading skills within STEM. Here, I review 
some key ideas within literacy research that may be useful to STEM academics. This 
should not be taken as a comprehensive review of all literacy research which would be 
outside the scope of this review. For a primer on reading and comprehension, I direct 
readers to Harrison and Perry (2004) and O’Donnell and Wood (2004), on which much 
of the following is based.
Reading fluency and comprehension are distinct attributes
When we ask a student to read a text, we don’t want them simply to recognise all 
the words within it. We want them to gain an understanding of the material 
described. It is important to distinguish between reading fluency (i.e. the ability to 
read quickly and accurately without paying conscious attention to individual 
words) and reading comprehension (i.e. the extraction of meaning from a text) 
(Harrison & Perry, 2004; O’Donnell & Wood, 2004). Comprehension is not 
a passive process; the reader must actively construct meaning from the text 
(Vacca & Vacca, 2002). Kintsch’s ‘Construction-Integration’ model of learning 
separates comprehension into two phases; (i) identifying the words, vocabulary 
and grammatical features of the text, and (ii) integrating that knowledge into the 
reader’s current mental model of the world (Kintsch, 1998). It is therefore not 
enough to assume that fluent readers have the skills and strategies to construct 
meaning, as these are two separate processes.
Comprehension is strongly affected by prior knowledge; in order to understand 
we must be able to link new information to existing information (Harrison & 
Perry, 2004; O’Donnell & Wood, 2004). If we only have highly fragmented or 
limited knowledge about a given topic, we cannot construct new meaning when 
reading . Schema theory posits that this prior information is organised within the 
brain into ‘schemas’, which are networks of related concepts (R. C. Anderson & 
Pearson, 1984). For example, a biologist might have a rich schema that relates to 
photosynthesis, which includes information about chloroplasts, chlorophyll and 
techniques used for studying photosynthesis. If someone with this schema (i.e. 
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a biologist) were to read a paper on a particular photosynthetic protein, they 
would have a body of organised knowledge that they could draw from. The 
biologist then adapts that schema to accommodate new information, therefore 
retaining it in their long-term memory. However, a psychologist may have 
a very limited schema relating to photosynthesis, so would be unable to derive 
much meaning from the paper, and would ultimately forget most of what they 
read.
There are many other factors that can impact on an individual’s ability to comprehend 
text, including the reading situation, the experience and motivation of the reader, and the 
way that the text is structured and written (Harrison & Perry, 2004; O’Donnell & Wood, 
2004). Many of these represent particular challenges for STEM disciplines. Scientific text 
is very concept-dense, uses highly specific terminology and the writing style may make 
the text extremely difficult to process (Fang, 2005). Equally, readers may have little or no 
experience in reading scientific text, are reading sources that they would not have chosen 
to read for themselves, and may not have sufficient reading fluency to be able to engage 
easily with the text (O’Donnell & Wood, 2004).
Learning to read is a life-long process
Most models of reading development have been developed in a school education 
context. However, some models also have relevance to the development of 
advanced literacy expected in a university context. One model that has value is 
Alexander’s Model of Domain Learning (MDL) (Alexander, 1997, 2003, 2005). The 
MDL proposes that learning to read is a life-long process, and is divided into three 
Figure 1. Alexander’s model of domain learning (MDL). Reading development is presented as a life- 
long process, divided into three sequential phases of acclimation, competency and proficiency/ 
expertise. These stages are associated with changes in processing strategies, extent of prior knowl-
edge and motivation for reading (i.e. interest). Proficient/expert readers are also able to contribute 
new knowledge through critical evaluation or being able to write using the conventions of the 
discipline (Alexander 1999, 2003, 2005).
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main phases (Figure 1). The first phase is ‘acclimation’, where readers are encoun-
tering unfamiliar texts for the first time. In this phase readers have a limited or 
fragmented body of knowledge (schema) on which to draw, and adopt relatively 
superficial processing strategies. Acclimating readers are likely to be reading the 
unfamiliar text because they are required to (e.g. to pass a test), therefore have 
situational interest in the source. As readers build experience, they pass into 
‘competency’. Competent readers have a more coherent schema on which to 
draw, meaning that they can adopt more strategic processing of the text. 
Competency is associated with deeper processing skills, and with an increased 
level of personal interest. The final stage is ‘proficiency’, where readers have 
a broad and deep knowledge base on which to draw, and adopt deep processing 
strategies. Reading is highly likely to be motivated through personal interest. 
Proficient readers also create new knowledge through their analysis of the text, 
being able to adopt a critical standpoint on the material (Alexander, 1997, 2003, 
2005). This model has been applied to studies of masters students encountering 
the literature (Lie, Abdullah, He, & Tour, 2016), and to evaluate the reading skills 
of undergraduates, postgraduates and researchers in the biosciences (Hubbard & 
Dunbar, 2017).
Reader identity and self-efficacy is important
When we read we are not machines, we are people. Our personal values and 
beliefs shape the way we read. For example, as a biologist I appreciate texts that 
set out information in a broadly factual way so that I can critically evaluate the 
claim, but I struggle to engage with more abstract literary forms such as poetry. 
My identity as a reader therefore shapes both the texts I choose to read, and the 
approach I use to read them. Hall defines reading identity as ‘how capable 
individuals believe they are in comprehending texts, the value they place on 
reading, and their understandings of what it means to be a particular type of 
reader within a given context’ (Hall, 2012). This links strongly with the concept of 
self-efficacy, defined as the belief an individual has in their ability to succeed 
(Bandura, 1977). Some students have self-beliefs that support their learning (e.g. 
I like to learn things; If I work hard I will succeed in my degree programme), but 
others have personal beliefs that undermine progress (e.g. I am not very good at 
school, I do not enjoy reading) (Buehl, 2017). Self-efficacy has been positively 
associated with reading and writing performance in a number of studies 
(McCarthy, Meier, & Rinderer, 1985; Meier, McCarthy, & Schmeck, 1984; 
Pajares, 1996; Pajares & Johnson, 1996; Shell, Colvin, & Bruning, 1995; Shell, 
Murphy, & Bruning, 1989). One study of psychology undergraduates indicated 
that students with high reading self-efficacy adopted deeper processing strategies 
while reading, and adopted more successful approaches to academic study (Mercè 
Prat-Sala & Redford, 2010). A follow-up study found that both reading and writing 
self-efficacy were positively associated with writing performance, therefore impact-
ing on educational attainment (Merce Prat-Sala & Redford, 2012). Buehl (2017) 
points out that a student who is struggling with academic reading may be a highly 
proficient reader in other formats (e.g. novels), so it may be their academic literacy 
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rather than absolute literacy level that is the barrier (Buehl, 2017). We should 
therefore be particularly mindful of those with low self-belief in their academic 
reading abilities, and may need to introduce support mechanisms to help these 
students.
Disciplinary literacy
When the word ‘literacy’ is used, we often think of general reading and writing 
skills that are developed in the early years of the school curriculum, which 
Shanahan and Shanahan (2008) refer to as ‘Basic’ and ‘Intermediate’ Literacy 
(Figure 1). These skills include the ability to decode individual words, under-
standing the conventions of written text, developing reading fluency and expan-
sion of vocabulary (Buehl, 2017; T. Shanahan & Shanahan, 2008). However, when 
students encounter more complex subject-specific academic texts (e.g. textbooks) 
they start to specialise in their reading, and require more sophisticated processing 
abilities. There have been two schools of thought on whether the skills need to 
read academic texts are equivalent or differ across disciplines. ‘Content Area 
Literacy’ assumes that it is only the content of disciplinary texts that differ, 
whereas writing style is broadly consistent between discipline. This view infers 
that general literacy strategies (e.g. mind mapping, use of mnemonics) are suffi-
cient to engage with disciplinary texts (Fang & Coatoam, 2013; T. Shanahan & 
Shanahan, 2012). In contrast, ‘disciplinary literacy’ recognises that there are spe-
cialist conventions within disciplines that need to be appreciated for a full under-
standing of a source (Buehl, 2017; Fang & Coatoam, 2013; Goldman et al., 2016; 
T. Shanahan & Shanahan, 2008, 2012). Disciplinary literacy can be defined as 
‘understanding of both disciplinary content and disciplinary habits of mind (i.e. 
ways of reading, writing, viewing, speaking, thinking, reasoning and critiquing.’ 
(Fang & Coatoam, 2013). Crucially, these aspects of literacy are not the same in all 
academic disciplines. The strategies needed to understand and evaluate a biology 
source might be quite different to those needed in physics, let alone those needed 
in the social sciences or arts. As such, those who specialise in particular subject 
areas will develop their disciplinary literacies in an unequal way, becoming more 
proficient in understanding texts in some subject areas than in others (Figure 2).
Sophisticated disciplinary reading skills are rarely taught explicitly, but are of 
critical importance for students to approach texts within specialist topic areas (T. 
Shanahan & Shanahan, 2008). However, we tend to rely on ‘general’ literacy 
development within schools to underpin the reading skills needed for subject- 
specific teaching. This is potentially flawed. For example, many UK universities 
require at least a grade C in GCSE English for admittance on to STEM under-
graduate programmes as a demonstration of literacy. It is highly unlikely that 
GCSE English will have addressed the conventions of scientific textbooks, let alone 
research-level reading materials. Similarly, international students studying in the 
UK may be required to demonstrate proficiency in English through taking 
a standardised test (e.g. International English Language Testing System), but this 
presents students with texts ‘selected for a non-specialist audience but are appro-
priate for people entering university courses or seeking professional registration.’ 
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(‘IELTS test format,’ n.d.). Without specific teaching that addresses disciplinary 
literacy within university curricula, students may lack the skills needed for aca-
demic success and fall victim to the ‘hidden curriculum’ (Margolis, 2002). Buehl 
(2017) argues strongly that as disciplinary conventions are highly contextualised, 
they must be taught within the core curriculum by subject experts. Students 
should also be given repeated opportunities to practice their disciplinary literacy 
skills through an academic programme (Buehl, 2017).
A Thematic analysis of disciplinary literacies in the UK STEM undergraduate 
context
Most studies of disciplinary literacies focus on the differences between broad 
subject areas; for example, Shanahan et al. developed their thinking on disciplinary 
literacy by comparing the approaches of mathematicians, historians and chemists 
(C. Shanahan, Shanahan, & Misischia, 2011; T. Shanahan & Shanahan, 2008). 
However, there may be differences in conventions between scientific disciplines 
(e.g. chemistry vs biology), and even between sub-disciplines (e.g. molecular 
biology vs ecology). There may also be differences in the levels of disciplinary 
literacy expected within undergraduate curricula, particularly with respect to the 
types of text students are expected to engage with. For example, bioscience under-
graduates might be expected to use original research literature in their first year 
Figure 2. Increasing specialisation of literacy development, using my own disciplinary literacy profile 
as an example. Basic literacy development takes place in primary schools, and establishes a foundation 
for reading and writing. Intermediate literacy development is generally in upper primary/lower years 
secondary schools, where pupils encounter increasingly complex texts. Disciplinary literacies are 
established during secondary schools, where students start to use subject-specific textbooks, and 
continue into higher education and research careers, culminating in the use of original disciplinary 
research literature. My own disciplinary literacy profile is given as an example; as a biologist I am 
confident in reading original research literature in biology, but have less sophisticated literacy skills for 
the other STEM subjects, and even less for the humanities. Having recently specialised in biology 
education I engage with original educational research literature, but I am much less confident with 
this than with biological texts. Original model based on. Shanahan and Shanahan (2008), figure 
adapted from Buehl (2017)
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(Willmott, Clark, & Harrison, 2003), whereas undergraduate mathematician may 
not engage with research literature at all (Bruehl, Pan, & Ferrer-Vinent, 2015). 
However, a systematic consideration of these disciplinary literacy standards is 
absent from the literature. I therefore present an analysis of the ‘reading land-
scape’ of STEM undergraduate programmes in the UK below. In particular, I focus 
on the extent to which undergraduate students are expected to engage with 
original research papers.
Thematic analysis methodology
To gain an overview of the requirements for using research literature, I conducted 
thematic analysis of UK national benchmarking standards for STEM degree pro-
grammes. In the UK, all degrees are overseen by the Quality Assurance Agency for 
Higher Education (QAA). The QAA publish Subject Benchmark Statements (SBSs) for 
clusters of subjects, which contain indicative descriptions of the subject knowledge and 
key skills that a degree programme should include, and the expected abilities of gradu-
ates. These are typically expressed as ‘Threshold standards’ which reflect the expected 
capabilities of all graduates, and ‘Typical standards’ which a high achieving graduate 
would achieve (QAA, 2015b). While these documents are not intended to describe 
a prescriptive syllabus, they give a broad indication of the scope of programmes in 
a given subject area, and the typical skills that are developed within programmes. As 
these are available for all subject areas, these benchmark statements allow for comparison 
of educational practice between disciplines, and as such were used as the data source for 
the analysis. The following analysis is based on the most up-to-date SBS available for each 
subject at the time of the analysis.
Thematic analysis is a qualitative approach to identifying and reporting patterns or 
themes within a dataset, which can ‘highlight similarities and differences’ and ‘summarise 
key features of a large body of data’ (Braun & Clarke, 2006). Thematic analysis can be 
performed from an inductive or theory-driven perspective. Here, I adopt a theoretical 
approach based on Anderson and Krathwohl’s revised Bloom’s Taxonomy 
(L. W. Anderson & Krathwohl, 2001). To determine the disciplinary literacy require-
ments of each STEM subject, I assess each benchmark statement against two criteria; (i) is 
a requirement for using research literature included in the aims, knowledge and skills 
sections of the benchmark statement, and (ii) what are undergraduates required to be 
able to do with research literature?
To address question (i), I searched each SBS for statements that referred to the use of 
research literature. For consistency between disciplines, I only considered statements 
from the ‘Aims/Objectives’ and ‘Threshold/Typical standards’ sections, as these were 
consistently structured across the different SBS. An initial search through the SBS was 
conducted using the words ‘literature’, ‘sources’ and ‘read/reading’. Sentences containing 
these words added to a database. However, on re-reading the SBS I identified that while 
some SBSs explicitly refer to the use of scientific or published literature, this was more 
implicit in the phrasing of other statements. Phrases that were assumed to refer to 
published research literature included ‘current developments at the frontiers of the subject’ 
(Physics, Astronomy and Astrophysics) and ‘limits of current hypotheses’ (Biomedical 
Sciences). These sentences which implicitly referred to research literature were therefore 
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added to the database before analysis. After compiling this database, I first classified 
subjects on the basis of whether there was any reference to using research literature, and 
whether the Threshold/typical standards included a direct reference to use of research- 
level reading materials. This separated the subjects into three groups; subjects that did 
not mention use of research literature, those that mentioned it but did not specify use of 
research literature in the standards required, and those that did require undergraduates 
to engage with research literature.
To address question (ii), I considered those subjects which did make explicit 
reference to use of research literature in their expected standards. I use the verbs 
contained within the threshold standards section of the benchmark statement, and 
align these with the 6 categories of cognitive processing (remember, understand, 
apply, analyze, evaluate and create) of Anderson and Krathwohl (2001). As such, 
I was able to subdivide this category into subjects that require students to adopt 
‘higher level’ processing (typically expressed as ‘evaluate’) and those that did not. As 
a result, the subjects were separated into four categories as described below. To 
validate the analysis, the database of statements and the category descriptions were 
provided to an independent researcher who confirmed that the classification was 
appropriate.
Thematic analysis results
Through a recursive process of reading, identifying similarities and differences between 
the subjects, re-reading and classifying, I identify four major categories of research 
literature use (Table 1). I present these in order of the demands placed on undergraduate 
students, from the lowest level of engagement with research literature to the most 
demanding. The four groups are defined as follows:
Group 1: Subjects which do not mention research literature
The first group of subjects makes no mention of research literature or a requirement for 
undergraduates to be reading at the cutting edge of the discipline. This group includes 
Computing and Mathematics, Statistics and Operational Research, where the benchmark 
statements emphasise numerical skills and problem-solving rather than the use of 
research literature.
Group 2: Subjects which include use of research literature in general aims, but not in 
benchmark standards
The second group of subjects discusses the use of research literature within the 
broad aims and skills section of the benchmark statement, but do not make an 
explicit requirement for undergraduates to use this literature within the threshold 
standards. This group is exemplified by Chemistry, which includes ‘read and engage 
with scientific literature’ in the subject knowledge and understanding. The Typical 
Benchmark Standard for bachelor’s level states that ‘knowledge base covers essential 
aspects of subject matter dealt with in the programme and shows some evidence of 
enquiry beyond this’, but does not make a specific requirement for undergraduates to 
use research literature. This is reinforced by the description of integrated masters 
courses within the Chemistry SBS, where the threshold standard is ‘knowledge base 
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extends to a systematic understanding and critical awareness of current research in 
the subject’ (QAA, 2014a). For Chemistry, there is therefore a clear indication that 
use of published literature is only a requirement at masters level.
Group 3: Subjects which expect use of research literature
This group includes subjects which include the use of research literature in the aims 
and skills sections of the benchmark statement, and indicate that some engagement 
with the literature is expected to achieve the ‘typical’ standard. Physics, Astronomy 
and Astrophysics fall into this group. The Subject-specific knowledge and under-
standing section of the SBS states ‘programmes expose students to recent research in 
order to develop some qualitative understanding of current developments at the 
frontiers of the subject.’ (QAA, 2017b). The requirements of the ‘typical’ benchmark 
standard are ‘management and use of research-based materials’, indicating physics 
undergraduates should engage with the literature, but critical evaluation is not 
required.
Group 4: Subjects which expect critical evaluation of research literature
This group of subject has the most demanding requirements for undergraduate engage-
ment in the literature. Engagement with research literature is required at the ‘threshold’ 
level, i.e. is expected of all graduates, and there is a requirement for critical analysis of this 
material. This group is best represented by Biosciences. The core knowledge, under-
standing and skills section for Biosciences includes ‘the ability to read and use appropriate 
literature with a full and critical understanding, while addressing such questions as 
content, context, aims, objectives, quality of information, and its interpretation and 
application’ (QAA, 2015b). Within the threshold standards, undergraduates are required 
to have ‘the ability to access and evaluate bioscience information from a variety of sources 
and to communicate the principles both orally and in writing in a way that is organised and 
topical, and recognises the limits of current hypotheses’. As such, undergraduates in these 
subject areas are expected to be reading critically at the cutting edge of the discipline.
Thematic analysis discussion
The analysis presented above indicates that there is a continuum of requirements for 
disciplinary literacy amongst the STEM disciplines in the UK undergraduate context 
(Figure 3). Subjects that place a high emphasis on numerical skill and/or problem- 
solving tend to have lower level requirements for using research literature (e.g. 
Maths, Computing, Chemistry). Programmes with higher level requirements for 
use of literature tend to emphasise evaluation and critical evaluation (e.g. 
Biosciences, Psychology, Earth Sciences) to reach an academic judgement on 
a particular topic. As such, the disciplines in Group 4 require undergraduates to 
be using research literature in a similar way to postgraduate students and research-
ers. It should be noted that the benchmark standards for the Group 4 subjects are 
extremely high. I question whether most researchers could genuinely claim to read 
all papers within their specialist field ‘with a full and critical understanding, while 
addressing such questions as content, context, aims, objectives, quality of information, 
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and its interpretation and application’, let alone whether we should expect all 
undergraduates to achieve this level of mastery.
While the analysis presented above provides an insight into the literacy requirements 
of UK STEM degrees, it should not be taken as an accurate description of all degree 
programmes. SBSs describe the requirements for a degree to be approved by the QAA, 
but are not intended as a curriculum. As such, many degree programmes will teach 
beyond what is implied by the SBS, and the analysis presented above should be regarded 
as ‘minimum’ expectations. It should also be noted that in the UK, many degrees are also 
accredited by Professional Societies (e.g. Royal Society of Chemistry [RSC], Institute of 
Physics etc.), which also have significant influence on undergraduate curricula. These 
may include requirements around the use of research literature; for example, the RSC 
requires Masters degree projects to be ‘drawing on the chemical and related literature’. 
However, the direct comparability of QAA SBS makes them a useful tool for exploring 
disciplinary differences, hence their use in the current study. For an accurate picture of 
research literature use ‘on the ground’ further research is required, including first-person 
interviews with instructors and undergraduate students. While this would be of con-
siderable interest, it is beyond the scope of the current study. However, the SBS based 
approach above provides the first systematic comparison of disciplinary literacies, and 
highlights that there is considerable variation in disciplinary norms that STEM educators 
working within a single discipline may have been unaware of.
The analysis above is not intended as a value judgement of particular subjects 
adopting the ‘right’ approach. Given the importance of prior knowledge in enabling 
(or disabling) comprehension, there is an argument that supports the teaching of 
core disciplinary content first, and then introducing research literature later on 
when students have built up appropriate schemas. However, this approach delays 
the point at which students encounter the authentic nature of communication 
within the discipline. It has been argued that ‘delay in exposing undergraduate 
science students to the real language and authentic processes of science can result 
in missed opportunities for undergraduate research experiences, and even the loss of 
science majors’ (Bruehl et al., 2015). For example, a first-year chemistry under-
graduate may be asked to write a lab report without ever having seen a research 
paper, and may therefore struggle to understand the (seemingly arbitrary) disciplin-
ary conventions being asked of their writing. Delay in encountering research 
literature may also reinforce a view of ‘science as facts’ that can be gained from 
a textbook (Phillips & Norris, 2009), rather than ‘science as process’ (Hoskins, 
Stevens, & Nehm, 2007).
Whatever the conventions of the discipline, it is important that students are first 
introduced to research literature in a gradual and supported way, rather than being 
‘dropped in at the deep end’ without the skills and strategies to engage with 
disciplinary texts. The point at which this process starts may differ from subject- 
to-subject; for some disciplines (e.g. psychology) it might be at the very start of an 
undergraduate programme, for others (e.g. mathematics) it may be appropriate to 
delay this until postgraduate study. However this should be an active decision by 
course organisers and curricula should avoid sudden ‘leaps’ in requirements for 
using research-based literature.
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Implications of disciplinary literacies for interdisciplinary STEM Education
There is an increasing focus on interdisciplinary STEM education, particularly through 
authentic problem-based learning (Daugherty & Carter, 2018). While there are many 
advantages to bringing students from different disciplines together, or exposing students 
to a broader range of disciplines, there are also challenges which include the disciplinary 
nature of literacy. Communication is seen as a key difficulty in establishing interdisci-
plinary research collaborations, with a lack of shared language contributing to frustra-
tions within teams (Davé et al., 2016; Marchant & Gleed, 2016). This is also true for 
interdisciplinary STEM education. We all read from a disciplinary standpoint, so may 
struggle to engage with the requirements of a new discipline. Students working across 
disciplines are even less likely to have a coherent schema of knowledge than when they 
read within their subject area. This was demonstrated in a study of psychology and 
physics undergraduates, where students with prior misconceptions made more incorrect 
inferences from the text, and were less able to remember details of the source (Kendeou & 
van den Broek, 2007). Similarly, psychology students were less able to comprehend 
biological text than biology students, primarily due to a lack of relevant background 
knowledge (Ozuru, Dempsey, & McNamara, 2009). Simply encouraging students to read 
outside their primary discipline is therefore not enough; we need to ensure they have 
sufficient background knowledge before reading.
Figure 3. Results of the thematic analysis, illustrating disciplinary literacy requirements for UK STEM 
undergraduate degree programmes. All postgraduate researchers can be expected to engage with 
research literature in a critical manner, but there are disciplinary differences in the requirements for 
undergraduates to do so. Requirements were derived from QAA subject benchmark statements for the 
relevant disciplines; see Table 1 for a full classification of subjects and references to benchmark 
statements.
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There are also challenges for academic staff when it comes to interdisciplinarity 
and literacy. It has been highlighted that peer review of interdisciplinary research 
papers is difficult, given the requirements of researchers to read outside of their 
own area of specialism, and the subsequent lack of coherent schema (Lee, 2006). 
This may have implications when preparing interdisciplinary course materials, and 
potentially leads to staff developing misconceptions about concepts in other dis-
ciplines. We may also have differing conventions or expectations between STEM 
subject areas, meaning students might be unsure what is expected when working 
across disciplines. If use of research literature is the norm in one subject area but 
not in others, do students and staff have a clear expectation of the level of 
literature use required? For example, it would be easy for me as a biologist to 
expect a level of research literature engagement from a second-year undergraduate 
that far exceeds what would be typical within chemistry. I might also assume 
a level of comprehension for my own discipline (e.g. understanding of statistical 
information presented in the text, which would be typical for biology), which 
would be unachievable to a student trained in another subject area. Clarity from 
course organisers here is key. Instructors need to be mindful of the differences in 
disciplinary literacies of their students, and how challenging it can be to read 
outside your primary discipline.
Effective teaching using research literature
What do we know about how students read complex disciplinary texts?
Given the centrality of reading and independent study in undergraduate education, 
there is a relative lack of literature on how undergraduate students actually engage 
with disciplinary texts. There are many studies (particularly within the bios-
ciences) that address particular pedagogical approaches to teaching reading skills, 
and subsequent impacts on academic performance and student beliefs about 
science (e.g. Gottesman & Hoskins, 2013; Kozeracki et al., 2006; Lie et al., 2016; 
Stevens & Hoskins, 2014). There are also studies that focus on what students read, 
and how instructors can increase engagement with reading amongst their students 
(e.g. Hatteberg & Steffy, 2013; Hoeft, 2012; St Clair-Thompson et al., 2017). 
However, there are fewer studies that explore the processing and comprehension 
strategies actually used by students when reading challenging disciplinary texts 
and research papers. Shepherd, Selden, and Selden (2012) found that undergrad-
uate maths students were not effective readers of textbook materials, being mostly 
unable to undertake a task based on material they had just read. Reasons for lack 
of reading effectiveness included displaying a lack of attention to the detail of the 
text, and having inadequate prior knowledge for comprehension (Shepherd et al., 
2012). The most detailed study of undergraduates encountering research literature 
was performed by van Lacum, Ossevoort, Buikema, and Goedhart (2012), who 
found that students and researchers defined conclusions within a research paper 
differently, but that there was broad agreement between students and expert 
readers over which parts of the paper contained conclusions (van Lacum et al., 
2012). A detailed study of two high-school students reading a research paper 
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indicated strategies used included connecting new information to prior knowledge, 
using diagrams, repeated reading, making predictions about the information con-
tained within the text, and asking an expert reader for clarification (Brill, Falk, & 
Yarden, 2004). These inexperienced readers also ignored technical terminology 
they did not recognise (Brill et al., 2004). A questionnaire-based study of 
bioscience readers in a research-intensive university indicates that undergraduates 
engage with research papers differently to postgraduates and academics (Hubbard 
& Dunbar, 2017). Undergraduates found the methods and results sections of 
research papers particularly difficult to read, and that they valued the abstract 
and the discussion sections of papers most highly. This contrasts with researchers 
and academics who considered all aspects of papers easy to read, and valued the 
results and methods sections most highly (Hubbard & Dunbar, 2017). There is 
even less research that considers student reading strategies when crossing disci-
plinary boundaries and working in an interdisciplinary context. If we are to 
develop effective strategies for improving the reading abilities of students, we 
must pay more attention to the processes and strategies that they use when 
approaching complex text, and further research is needed in this area.
Approaches to developing scientific literacy
If we are to get students to engage with research literature in a meaningful way, we must 
use appropriate pedagogies to support the development of scientific literacy. While 
benchmark statements establish standards that should be met, such standards to not 
give an indication of what students need to learn to achieve these targets (Goldman et al., 
2016). Viewing literacy from a disciplinary perspective helps us appreciate the need for 
STEM academics to teach STEM literacies. If we can recognise that the way we read is 
specific to our discipline, it naturally follows that disciplinary experts are the right people 
to teach subject-specific reading strategies (T. Shanahan & Shanahan, 2012). Equally, 
interdisciplinary researchers are the right people to teach interdisciplinary reading. Buehl 
(2017) calls on instructors to adopt a mentoring approach to disciplinary literacy, thereby 
allowing students to see the reading strategies used within the discipline.
‘Many of our students, even those who have achieved basic and intermediate literacy, do 
not develop independence in reading disciplinary texts, not because they are incapable but 
because they never received the appropriate instruction from appropriate mentors – dis-
ciplinary experts, the teachers who are accomplished readers, writers, and thinkers through 
their chosen disciplinary lenses’ (Buehl, 2017, p. 26).
We therefore need to develop teaching strategies that allow students to see how we 
read as experts, and structured opportunities to practice ‘expert’ reading skills within the 
discipline. If we are teaching across disciplines, we also need to give students the 
opportunity to model their reading on interdisciplinary experts. The key to this is 
appropriate scaffolding. Scaffolding can take many forms including self-guided question 
sheets, brainstorming, and interactive reading guides (Buehl, 2017). It is also important 
not to assume reading is a solitary activity; students who are struggling with complex text 
are unlikely to make breakthroughs in their reading without the opportunity to discuss 
the source and receive support (Buehl, 2017). We must also be mindful of students for 
whom English is not their first language, students with specific learning differences (e.g. 
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dyslexia), and those from educationally disadvantaged backgrounds whose literacy levels 
may not match those of their peers. To teach disciplinary literacy in an inclusive way, 
I strongly believe that this should be embedded within core curricula, and students given 
repeated opportunities to develop their processing skills before being expected to read 
independently. Reading needs to be accompanied by in-person discussion of texts, and 
openness about the challenges of reading complex materials.
Established pedagogies for developing research-led disciplinary literacy
While there are challenges for engaging students with any disciplinary text, there are 
unique challenges to introducing students to primary research literature. There are 
several guides online of ‘How to read a research paper’ (e.g. Rodriguez, 2015; Science 
Buddies, 2012; Thompson, n.d.; Williams, 2016), which may be beneficial to share with 
students encountering research papers for the first time. However, to fully engage 
students with research literature I call on STEM educators to embed literature-based 
teaching in their curricula, not just to send students away to read a paper accompanied by 
online guide. Many published strategies for incorporating primary research papers into 
taught curricula come from the biosciences (Hoskins et al., 2007; Kozeracki et al., 2006; 
Lie et al., 2016; Round & Campbell, 2013; Willmott et al., 2003), reflecting the centrality 
of literature use in these disciplines. However, approaches to incorporating research 
literature into undergraduate curricula have also been described for other disciplines 
(Bruehl et al., 2015; Carpenter & Pappenfus, 2009; Forest & Rayne, 2009; Locknar, 
Mitchell, Rankin, & Sadoway, 2012). Pedagogical strategies to developing disciplinary 
literacy can be applied across STEM disciplines (Stevens & Hoskins, 2014). I therefore 
present three published strategies for engaging students with research literature that may 
be of value in any STEM discipline. These may also be of value to interdisciplinary 
educators; as these strategies could be adapted when working across disciplines as well as 
within defined subject areas.
Example 1: Writing an abstract for a ‘classic’ paper
Willmott et al. (2003) describe an example of using literature within a first year 
(introductory) biochemistry skills module. In a taught session, undergraduates first 
brainstorm what sections of a scientific paper might contain, which are compiled 
in the correct order by the instructor to emphasise the structure of research 
articles. Students then consider three abstracts for a fictional paper to identify 
strengths and weaknesses. This highlights to students the importance of the title 
and abstract in encouraging researchers to read the full paper. In their own time, 
students then read a scientific paper and answer a series of structured questions 
about the material, and then write their own abstract for the paper. In subsequent 
sessions students write their own paper based on data provided by the instructor, 
and discuss this paper on a 1:1 basis with an academic tutor. Willmott et al. 
highlight that most contemporary research articles are very jargon heavy and 
inappropriate for use with students with limited technical knowledge. They there-
fore use a ‘classic’ paper which contains only a limited amount of data and a clear 
visual representation of the methodology (Macnab & Koshland, 1972), thereby 
reducing cognitive load (Willmott et al., 2003). This approach is therefore mindful 
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of the limited schema of knowledge that 1st year undergraduates have, and 
prioritises consideration of the structure of research papers rather than specialist 
knowledge contained within an individual study.
Example 2: Using key sentences to read research articles
Bennett and Taubman (2013) describe an two-stage approach used to encourage 
students to move from a ‘literal’ reading approach to a more ‘inferential’ and/or 
‘evaluative’ reading style (Wilson & Chalmers Neubauer, 1988). This takes place in 
the context of a core ‘Introduction to Chemical Research’ module. In the first 
stage, students are provided with excerpts from either textbooks or journal articles, 
and are asked to identify ‘key sentences’ within the text, i.e. those sentences which 
articulate the main point of the paragraph. Students discuss whether the paragraph 
is clearly structured, and how the other sentences in the paragraph link to the key 
sentence. The second stage is an out-of-class formative assignment, which is based 
on identifying key sentences in the introductory section of a research article 
selected by the instructors. Working in groups, students are asked to create five 
Powerpoint slides based on the first five paragraphs of the paper, using the key 
sentence to organise their ideas. The slides must include definitions of key terms 
or explanations of key concepts, which requires students to link the information 
from the paper to other sources of knowledge. Students must also include one of 
the figures or tables from the paper in their slides, thereby requiring students to 
organise visual information as well as the text (Bennett & Taubman, 2013). Final 
assessment of the module is through a mid-term exam where students are asked 
a series of comprehension questions based on another published paper, and 
a group presentation. Introduction of the formative ‘key sentences’ assignment 
was associated with an increase in mid-term exam marks, although students saw 
the exercise as being more useful for preparing for the presentation (Bennett & 
Taubman, 2013). While this approach emphasises the introduction section of the 
paper rather than methods or results, it provides students with a practical strategy 
for approaching complex scientific text. It also highlights the need to triangulate 
reading of primary research literature with information from other sources, help-
ing students to create a more coherent body of knowledge.
Example 3: C.R.E.A.T.E.
CREATE is a strategy designed to encourage undergraduate students to ‘think like 
a scientist’ through reading and analysing a series of papers from a single research 
lab over a number of taught sessions (Hoskins et al., 2007). For each paper, 
students are asked to Consider, Read, Elucidate the Hypotheses, Analyse and 
interpret data and Think of the next Experiment. During the ‘Consider’ phase, 
students define key terms in the article and create concept maps from the intro-
duction section to ensure they have sufficient background knowledge. In the ‘Read’ 
phase, students read the results and methods sections in preparation for the class, 
drawing diagrams of each experiment, annotating the figures and writing their 
own descriptions of each figure. ‘Elucidating Hypotheses’ occurs during in class, 
where instructors support students into defining a specific hypothesis for each sub- 
figure within the paper. Students then ‘Analyse and interpret the data’ using 
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a template which asks them to relate the findings to the hypothesis, and to 
evaluate the quality of the data. The class then draws up a list of conclusions, 
which is compared to the discussion section of the paper. Finally, each student is 
asked to ‘Think of the next Experiment’, identifying the next experimental steps 
they would take. Crucially, this process is iterated for three more papers from the 
same research team, so that students can see the journey taken in the research 
process. Students also contacted the original research team and conducted a video 
interview with them, giving a personal insight into the research process they had 
followed through their reading (Hoskins et al., 2007).
CREATE is more than an approach to reading, but a strategy to engage students 
with the research process. It was originally developed for advanced classes in 
genetics, but has been adapted in a variety of subjects (Stevens & Hoskins, 
2014), including in introductory classes (Gottesman & Hoskins, 2013). When 
pre- and post-class responses are compared, students taking CREATE classes 
score higher marks on critical thinking tests, report increased confidence in their 
reading abilities and have less stereotypical views of scientists (Hoskins, Lopatto, & 
Stevens, 2011; Hoskins et al., 2007). CREATE is suitable for students from diverse 
backgrounds and levels of education, and encourages students to see research 
science as a creative process (Stevens & Hoskins, 2014). It is a potentially powerful 
tool to engage students in scientific literature and the research process more 
generally. For resources, including examples of how CREATE has been used in 
Chemistry, Physics and Psychology, see https://teachcreate.org/.
Conclusions and reflections
Developing academic literacy is essential if students are to succeed academically. 
Within STEM this usually requires engagement with textbooks, but many disci-
plines also require undergraduates to engage with research-level materials. In other 
disciplines this may be delayed until postgraduate study, but at some point 
students will encounter research literature for the first time. We cannot assume 
that our students have the skills to be able to engage with disciplinary textbooks, 
let alone read and understand original research materials. We therefore need to 
embed disciplinary literacy development with the curriculum, and to give students 
strategies for engaging with complex disciplinary texts. I think the key to this is to 
share our reading experiences with our students, acting as reading mentors rather 
than expecting students to read independently. It is easy for us as academics to 
overlook how challenging we find reading scientific papers within our current 
specialisms, let alone remember our early encounters with the literature. I attend 
a weekly journal club in my department, and we often end up discussing how 
frustrating research papers can be to read, let alone comprehend! However, as 
academics we often do not share this experience with our students; we give them 
papers to read and imply that they should be able to read, understand and then 
write about the complex ideas contained within. In my own practice, I find it 
helpful to emphasise that research papers are the way that experts communicate 
with other experts, and that we do not expect undergraduates to understand every 
word of a paper. There are an array of pedagogical strategies that have been used 
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to help readers engage with disciplinary texts and research papers, and we should 
include these within taught programmes. We should also be mindful of the 
disciplinary nature of literacy if we are to develop effective interdisciplinary 
approaches to STEM education, as conventions of reading in different subject 
areas are not necessarily equivalent. Whether in a disciplinary or interdisciplinary 
context, we must embed inclusive strategies for developing academic literacy 
within taught curricula to enable all of our students to succeed. Finally, I call on 
STEM educators to teach academic reading with empathy, recognising that dis-
ciplinary texts can be extremely difficult to engage with. Being open and trans-
parent about the challenges of learning to read in an academic context is critical if 
we are to effectively support students in their disciplinary literacy development.
Acknowledgments
I thank Dr Michael O’Neill (University of Oxford) for his thoughtful and helpful feedback on an 
earlier draft of this article.
Disclosure statement




Alexander, P.A. (1997). Mapping the multidimensional nature of domain learning: the interplay of 
cognitive, motivational, and strategic forces. In M.L. Maehr & P. Pintrich (Eds.), Advances in 
motivation and achievement (Vol. 10, pp. 213–250). Greenwich, CT: JAI Press.
Alexander, P.A. (2003). The development of expertise: the journey from acclimation to 
proficiency. Educational Researcher, 32(8), 10–14. doi:10.3102/0013189X032008010
Alexander, P.A. (2005). The path to competence: a lifespan developmental perspective on reading. 
Journal of Literacy Research: JLR, 37(4), 413–436. doi:10.1207/s15548430jlr3704_1
Anderson, L.W., & Krathwohl, D.R. 2001. A taxonomy for learning, teaching, and assessing: A 
revision of bloom’s taxonomy of educational objectives (abridged edition). New York, NY: 
Longman
Anderson, R.C., & Pearson, P.D. (1984). A schema-theoretic view of basic processes in reading 
comprehension. In P.D. Pearson (Ed.), Handbook of reading research (pp. 255–291). Mahwah, 
NJ, USA: Lawrence Erlbaum Associates.
Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioural change. Psychological 
Review, 84(2), 191–215. doi:10.1037/0033-295X.84.2.191
Becher, T. (1989). Academic tribes and territories. Buckingham, UK: Society for Research in Higher 
Education & Open University Press.
Bennett, N.S., & Taubman, B.F. (2013). Reading journal articles for comprehension using key 
sentences: an exercise for the novice research student. Journal of Chemical Education, 90(6), 
741–744. doi:10.1021/ed200738h
60 K. HUBBARD
Boud, D. (2012). Interdisciplinary assessment. In L. Clouder, C. Broughan, S. Jewell, & 
G. Steventon (Eds.), Improving student engagement and development through assessment: theory 
and practice in higher education (pp. 150). London, UK: Routledge.
Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in 
Psychology, 3(2), 77–101. doi:10.1191/1478088706qp063oa
Brill, G., Falk, H., & Yarden, A. (2004). The learning processes of two high-school biology students 
when reading primary literature. International Journal of Science Education, 19(4), 497–512. 
doi:10.1080/0950069032000119465
Bruehl, M., Pan, D., & Ferrer-Vinent, I.J. (2015). Demystifying the chemistry literature: building 
information literacy in first-year chemistry students through student-centered learning and 
experiment design. Journal of Chemical Education, 92(1), 52–57. doi:10.1021/ed500412z
Buddies, S. (2012, June 18). How to read a scientific paper. Retrieved June 24, 2019, from Science 
Buddies website: https://www.sciencebuddies.org/science-fair-projects/competitions/how-to- 
read-a-scientific-paper
Buehl, D. (2017). Developing readers in the academic disciplines. Portsmouth, New Hampshire, 
USA: Stenhouse Publishers.
Capraro, M.M., & Jones, M. (2013). Interdisciplinary STEM project-based learning. Robert M. 
Capraro, Mary Margaret Capraro, and Jim Morgan (Eds.), STEM project-based learning (pp. 
51–58). Brill Sense.
Carpenter, N.E., & Pappenfus, T.M. (2009). Teaching research: a curriculum model that works. 
Journal of Chemical Education, 86(8), 940. doi:10.1021/ed086p940
Daugherty, M.K., & Carter, V. (2018). The nature of interdisciplinary STEM education. In M.J. de 
Vries (Ed.), Handbook of technology education (pp. 159–171). Cham: Springer International 
Publishing.
Davé, A., Hopkins, M., Hutton, J., Krčál, A., Kolarz, P., Martin, B., . Stirling, A. (2016). Landscape 
review of interdisciplinary research in the UK. report to HEFCE and RCUK by technopolis and 
the science policy research unit (SPRU), university of sussex. Retrieved from Technopolis and 
SPRU website: http://www.hefce.ac.uk/media/HEFCE,2014/Content/Pubs/Independent 
research/2016/Two,reports,on,interdisciplinary,research/Landscape%20review%20of%20UK% 
20interdisciplinary%20research.pdf
Engineering Council. (2014). THE ACCREDITATION OF HIGHER EDUCATION 
PROGRAMMES UK standard for professional engineering competence third edition. 
Retrieved from Engineering Council website: https://www.engc.org.uk/EngCDocuments/ 
Internet/Website/Accreditation%20of%20Higher%20Education%20Programmes%20third% 
20edition%20(1).pdf
Fang, Z. (2005). Scientific literacy: A systemic functional linguistics perspective. Science Education, 
89(2), 335–347. doi:10.1002/sce.20050
Fang, Z., & Coatoam, S. (2013). Disciplinary literacy : what you want to know about it. Journal of 
Adolescent & Adult Literacy: A Journal from the International Reading Association, 56(8), 
627–632. doi:10.1002/JAAL.190
Forest, K., & Rayne, S. (2009). Incorporating primary literature summary projects into a first-year 
chemistry curriculum. Journal of Chemical Education, 86(5), 592. doi:10.1021/ed086p592
Golding, C., & Baik, C. (2012). Interdisciplinary assessment. In L. Clouder, C. Broughan, 
S. Jewell, & G. Steventon (Eds.), Improving student engagement and development through 
assessment: theory and practice in higher education (pp. 138–151). London, UK: 
Routledge.
Goldman, S.R., Britt, M.A., Brown, W., Cribb, G., George, M., Greenleaf, C., & Project, R.E.A.D.I. 
(2016). Disciplinary literacies and learning to read for understanding: a conceptual framework 
for disciplinary literacy. Educational Psychologist, 51(2), 219–246. doi:10.1080/ 
00461520.2016.1168741
Gottesman, A.J., & Hoskins, S.G. (2013). CREATE cornerstone: introduction to scientific thinking, 
a new course for STEM-interested freshmen, demystifies scientific thinking through analysis of 
scientific literature. CBE Life Sciences Education, 12(1), 59–72. doi:10.1187/cbe.12-11-0201
HIGHER EDUCATION PEDAGOGIES 61
Hall, L.A. (2012). Rewriting identities: creating spaces for students and teachers to chal-
lenge the norms of what it means to be a reader in school. Journal of Adolescent & Adult 
Literacy: A Journal from the International Reading Association, 55(5), 368–373. 
doi:10.1002/JAAL.00045
Harrison, C., & Perry, J. (2004). Understanding understanding: How we learn from texts. In 
C. Harrison (Ed.), Understanding reading development (pp. 50–81). London, UK: SAGE 
Publications.
Hatteberg, S.J., & Steffy, K. (2013). Increasing reading compliance of undergraduates: an evalua-
tion of compliance methods. Teaching Sociology, 41(4), 346–352. doi:10.1177/ 
0092055X13490752
Hoeft, M.E. (2012). Why university students don’t read: what professors can do to increase 
compliance. International Journal for the Scholarship of Teaching and Learning, 6(2), 12. 
doi:10.20429/ijsotl.2012.060212
Hoskins, S.G., Lopatto, D., & Stevens, L.M. (2011). The C.R.E.A.T.E. approach to primary 
literature shifts undergraduates’ self-assessed ability to read and analyze journal articles, atti-
tudes about science, and epistemological beliefs. CBE Life Sciences Education, 10(4), 368–378. 
doi:10.1187/cbe.11-03-0027
Hoskins, S.G., Stevens, L.M., & Nehm, R.H. (2007). Selective use of the primary literature trans-
forms the classroom into a virtual laboratory. Genetics, 176(3), 1381–1389. doi:10.1534/ 
genetics.107.071183
Huang, S., Capps, M., Blacklock, J., & Garza, M. (2014). Reading habits of college students in the 
United States. Reading Psychology, 35(5), 437–467. doi:10.1080/02702711.2012.739593
Hubbard, K.E., & Dunbar, S.D. (2017). Perceptions of scientific research literature and strategies 
for reading papers depend on academic career stage. PloS One, 12(12), e0189753. doi:10.1371/ 
journal.pone.0189753
IELTS test format. (n.d.). Retrieved June 21, 2019, from IELTS website: https://www.ielts.org/ 
about-the-test/test-format
Kendeou, P., & van den Broek, P. (2007). The effects of prior knowledge and text structure on 
comprehension processes during reading of scientific texts. Memory & Cognition, 35(7), 
1567–1577. doi:10.3758/BF03193491
Kintsch, W. (1998). Comprehension: A paradigm for cognition.  Cambridge, UK: Cambridge 
University Press.
Kozeracki, C.A., Carey, M.F., Colicelli, J., Levis-Fitzgerald, M., Grossel, M., & Grossel, M. (2006). 
An intensive primary-literature–based teaching program directly benefits undergraduate 
science majors and facilitates their transition to doctoral programs. CBE—Life Sciences 
Education, 5(4), 340–347. doi:10.1187/cbe.06-02-0144
Lee, C. (2006). Perspective: Peer review of interdisciplinary scientific papers. Retrieved June 29, 
2019, from Nature website: https://www.nature.com/nature/peerreview/debate/nature05034. 
html
Lie, R., Abdullah, C., He, W., & Tour, E. (2016). Perceived challenges in primary literature in 
a master’s class: effects of experience and instruction. CBE Life Sciences Education, 15(4). 
doi:10.1187/cbe.15-09-0198
Locknar, A., Mitchell, R., Rankin, J., & Sadoway, D.R. (2012). Integration of information literacy 
components into a large first-year lecture-based chemistry course. Journal of Chemical 
Education, 89(4), 487–491. doi:10.1021/ed200252q
Macnab, R.M., & Koshland, D.E. (1972). The gradient-sensing mechanism in bacterial chemotaxis. 
Proceedings of the National Academy of Sciences of the United States of America, 69(9), 
2509–2512. doi:10.1073/pnas.69.9.2509
Madden, M.E., Baxter, M., Beauchamp, H., Bouchard, K., Habermas, D., Huff, M., & Plague, G. 
(2013). Rethinking STEM education: an interdisciplinary STEAM curriculum. Procedia 
Computer Science, 20, 541–546. doi:10.1016/j.procs.2013.09.316
Manathunga, C., & Brew, A. (2012). Beyond tribes and territories - new metaphors for new times. 
In P. Trowler, M. Saunders, & V. Bamber (Eds.), Tribes and territories in the 21st century: 
62 K. HUBBARD
rethinking the significance of disciplines in higher education (pp. 44–56). London, UNITED 
KINGDOM: Routledge.
Marchant, D., & Gleed, A. (2016). Interdisciplinarity: survey report for the global research council 
2016. Retrieved from DJS research website: https://www.jsps.go.jp/english/e-grc/data/5th/ 
Survey_Report_on_Interdisciplinarity_for_GRC_DJS_Research.pdf
Margolis, E. (2002). The hidden curriculum in higher education.  Abingdon, Oxfordshire, UK: 
Routledge.
McCarthy, P., Meier, S., & Rinderer, R. (1985). Self-efficacy and writing: A different view of 
self-evaluation. College Composition and Communication. Retrieved from https://www.jstor. 
org/stable/357865
Meier, S., McCarthy, P.R., & Schmeck, R.R. (1984). Validity of self-efficacy as a predictor of writing 
performance. Cognitive Therapy and Research, 8(2), 107–120. doi:10.1007/BF01173038
O’Donnell, M.P., & Wood, M. (2004). Becoming a reader. in a developmental approach to reading 
instruction 3rd, Boston, (pp.  237–264). MA, USA: Pearson Educational.
Ozuru, Y., Dempsey, K., & McNamara, D.S. (2009). Prior knowledge, reading skill, and text 
cohesion in the comprehension of science texts. Learning and Instruction, 19(3), 228–242. 
doi:10.1016/j.learninstruc.2008.04.003
Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational Research, 66(4), 
543–578. doi:10.3102/00346543066004543
Pajares, F., & Johnson, M.J. (1996). Self-efficacy beliefs and the writing performance of entering 
high school students. Psychology in the Schools, 33(2), 163–175. doi:10.1002/(SICI)1520-6807-
(199604)33:2<163::AID-PITS10>3.0.CO;2-C
Phillips, L.M., & Norris, S.P. (2009). Bridging the gap between the language of science and the 
language of school science through the use of adapted primary literature. Research in Science 
Education, 39(3), 313–319. doi:10.1007/s11165-008-9111-z
Prat-Sala, M., & Redford, P. (2010). The interplay between motivation, self-efficacy, and 
approaches to studying. The British Journal of Educational Psychology, 80(Pt2), 283–305. 
doi:10.1348/000709909X480563
Prat-Sala, M., & Redford, P. (2012). Writing essays: Does self-efficacy matter? The relationship 
between self-efficacy in reading and in writing and undergraduate students’ performance in 
essay writing. Educational Psychology Review, 32(1), 9–20. doi:10.1080/01443410.2011.621411
QAA. (2012). Subject benchmark statement: forensic science. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/subject-benchmark-statement-forensic-science.pdf?sfvrsn=659ef781_10
QAA. (2014a). Subject benchmark statement: chemistry. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/sbs-chemistry-14.pdf?sfvrsn=99e1f781_14
QAA. (2014b). Subject benchmark statement: earth sciences, environmental sciences and envir-
onmental studies. Retrieved from Quality Assurance Agency for Higher Education website: 
https://www.qaa.ac.uk/docs/qaa/subject-benchmark-statements/sbs-earth-sciences-14.pdf? 
sfvrsn=b0e3f781_12
QAA. (2015a). Subject benchmark statement: biomedical sciences. Retrieved from Quality 
Assurance Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject- 
benchmark-statements/sbs-biomedical-sciences-15.pdf
QAA. (2015b). Subject benchmark statement: biosciences. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/sbs-biosciences-15.pdf?sfvrsn=4eef781_26
QAA. (2015c). Subject benchmark statement: engineering. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/sbs-engineering-15-masters.pdf?sfvrsn=fb91f681_16
QAA. (2015d). Subject benchmark statement: mathematics, statistics and operational research. 
Retrieved from Quality Assurance Agency for Higher Educationwebsite: https://www.qaa.ac.uk/ 
docs/qaa/subject-benchmark-statements/sbs-mathematics-15-masters.pdf
HIGHER EDUCATION PEDAGOGIES 63
QAA. (2016a). Subject benchmark statement: computing. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/sbs-computing-16.pdf?sfvrsn=26e1f781_12
QAA. (2016b). Subject benchmark statement: psychology. Retrieved from Quality Assurance 
Agency for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark- 
statements/sbs-psychology-16.pdf?sfvrsn=af95f781_8
QAA. (2017a). Subject benchmark statement: materials. Retrieved from Quality Assurance Agency 
for Higher Education website: https://www.qaa.ac.uk/docs/qaa/subject-benchmark-statements 
/sbs-materials-17.pdf?sfvrsn=8499f781_10
QAA. (2017b). Subject benchmark statement: physics, astronomy and astrophysics. Retrieved 
from Quality Assurance Agency for Higher Education website: https://www.qaa.ac.uk/docs/ 
qaa/subject-benchmark-statements/sbs-physics-astronomy-and-astrophysics-17.pdf?sfvrsn= 
2f94f781_12
Rodriguez, N. (2015, August 5). Infographic: how to read a scientific paper. Retrieved June 24, 
2019, from Elsevier Connect website: https://www.elsevier.com/connect/infographic-how-to- 
read-a-scientific-paper
Round, J.E., & Campbell, A.M. (2013). Figure facts: encouraging undergraduates to take a 
data-centered approach to reading primary literature. CBE Life Sciences Education, 12(1), 
39–46. doi:10.1187/cbe.11-07-0057
Shanahan, C., Shanahan, T., & Misischia, C. (2011). Analysis of expert readers in three disciplines: 
history, mathematics, and chemistry. Journal of Literacy Research: JLR, 43(4), 393–429. 
doi:10.1177/1086296X11424071
Shanahan, T., & Shanahan, C. (2008). Teaching disciplinary literacy to adolescents: rethinking 
content- area literacy. Harvard Educational Review, 78(1), 40–59. doi:10.17763/haer.78.1. 
v62444321p602101
Shanahan, T., & Shanahan, C. (2012). What is disciplinary literacy and why does it matter? Topics 
in Language Disorders, 32(1), 7. doi:10.1097/TLD.0b013e318244557a
Shell, D.F., Colvin, C., & Bruning, R.H. (1995). Self-efficacy, attribution, and outcome expectancy 
mechanisms in reading and writing achievement: grade-level and achievement-level differences. 
Journal of Educational Psychology, 87(3), 386–398. doi:10.1037/0022-0663.87.3.386
Shell, D.F., Murphy, C.C., & Bruning, R.H. (1989). Self-efficacy and outcome expectancy mechan-
isms in reading and writing achievement. Journal of Educational Psychology, 81(1), 91. 
doi:10.1037/0022-0663.81.1.91
Shepherd, M.D., Selden, A., & Selden, J. (2012). University students’ reading of their first-year 
mathematics textbooks. Mathematical Thinking and Learning, 14(3), 226–256. doi:10.1080/ 
10986065.2012.682959
St Clair-Thompson, H., Graham, A., & Marsham, S. (2017). Exploring the reading practices of 
undergraduate students. In Education Inquiry (pp. 1–15). https://doi.org/10.1080/20004508. 
2017.1380487
Stevens, L.M., & Hoskins, S.G. (2014). The CREATE strategy for intensive analysis of primary 
literature can be used effectively by newly trained faculty to produce multiple gains in diverse 
students. CBE Life Sciences Education, 13(2), 224–242. doi:10.1187/cbe.13-12-0239
Thompson, K. (n.d.). How to read a journal article. Retrieved from Royal Society of Chemistry 
website: http://www.rsc.org/learn-chemistry/resource/res00001653/how-to-read-a-journal- 
article?cmpid=CMP00004937
Trowler, P. (2012). Disciplines and interdisciplinarity conceptual groundwork. In P. Trowler, 
M. Saunders, & V. Bamber (Eds.), Tribes and territories in the 21st century: rethinking the 
significance of disciplines in higher education (pp. 5–29). London, UNITED KINGDOM: 
Routledge.
Vacca, R.T., & Vacca, J.A.L. (2002). Content area reading: literacy and learning across the 
curriculum (7th edition) (7 edition). Boston, USA: Allyn & Bacon.
van Lacum, E., Ossevoort, M., Buikema, H., & Goedhart, M. (2012, January). First experiences with 
reading primary literature by undergraduate life science students. International Journal of 
Science Education, 34(12), 1795–1821. 2015 doi:10.1080/09500693.2011.582654.
64 K. HUBBARD
Wakeham, W. (2016). Wakeham review of stem degree provision and graduate employability. 
London: Department for Business, Innovation & Skills and Higher Education Funding 
Council for England.
Williams, M. (2016). How to read a scientific paper. Retrieved from American Society of Plant 
Biologists website: http://aspb.org/wp-content/uploads/2016/04/HowtoReadScientificPaper.pdf
Willmott, C.J.R., Clark, R.P., & Harrison, T.M. (2003). Introducing undergraduate students to 
scientific reports. Bioscience Education, 1(1), 1–8. doi:10.3108/beej.2003.01010010
Wilson, J.T., & Chalmers Neubauer, I. (1988). Reading strategies for improving student work in 
the chem lab. Journal of Chemical Education, 65(11), 996. doi:10.1021/ed065p996
HIGHER EDUCATION PEDAGOGIES 65
